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® Continuous-Flow System Produces Medical-G rade Water 

Pressurized flowing water is heated by absorption of microwave power. 

John H. Glenn Research Center, Cleveland, Ohio 


A continuous-flow system utilizes mi- 
crowave heating to sterilize water and to 
thermally inactivate endotoxins pro- 
duced in the sterilization process. The 
system is designed for use in converting 
potable water to medical-grade water. 
Systems like this one could be used for 
efficient, small-scale production of med- 
ical-grade water in laboratories, clinics, 
and hospitals. This system could be 
adapted to use in selective sterilization of 
connections in ultra-pure-water-produc- 
ing equipment and other equipment 
into which intrusion by microorganisms 
cannot be tolerated. Lightweight, port- 
able systems based on the design of this 


system could be rapidly deployed to re- 
mote locations (e.g., military field hospi- 
tals) or in response to emergencies in 
which the normal infrastructure for pro- 
viding medical-grade water is disrupted. 
Larger systems based on the design of 
this system could be useful for industrial 
production of medical-grade water. 

The basic microwave-heating princi- 
ple of this system is the same as that of a 
microwave oven: An item to be heated, 
made of a lossy dielectric material (in 
this case, flowing water) is irradiated 
with microwaves in a multimode mi- 
crowave cavity. The heating is rapid and 
efficient because it results from absorp- 


tion of microwave power throughout the 
volume of the lossy dielectric material. 

In this system, a copper tube having a 
length of 49.5 cm and a diameter of 
2.25 cm serves as both the microwave 
cavity and the sterilization chamber. Mi- 
crowave power is fed via a coaxial cable 
to an antenna mounted inside the tube 
at mid-length (see figure). Efficient 
power transfer occurs due to the shift in 
wavelength associated with the high per- 
mittivity of water combined with the 
strong coupling of 2.45-GHz mi- 
crowaves with rotational-vibrational 
transitions of the dipolar water mole- 
cule. The sterilization chamber isther- 
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The Sterilization Chamber is a copper tube. A coaxial cable connects a microwave source to an antenna inside the chamber at mid-length. Downstream of 
the sterilization chamber, the sterilized water is cooled at reduced pressure. 
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mally insulated with closed-cell foam to 
reduce heat losses. 

To enable a sufficiently high degree of 
sterilization and inactivation of endotox- 
ins during the time of transit of water 
along thetube, it isnecessaryto heat the 
water to a temperature significantly 
above traditional autoclave tempera- 
tures. In order to do this, it is necessary 
to choose an appropriate combination 
of microwave power and flow rate, and 
to maintain the flowing water at a pres- 
sure high enough to prevent boiling at 
the desired maximum temperature. For 
example, typical steady-state operating 
conditionsin experimentson thissystem 
included a flow rate of 13 mL/min, a 
pressure of 0.69 MPa, and a microwave 
power of 150 W, resulting in a steriliza- 


tion temperature between 155 and 158 
°C. Under these conditions, the system 
demonstrated effective sterilization and 
inactivation of endotoxins when chal- 
lenged with influent water containing a 
mixed culture of Bacillus stearother- 
mophilus, E. coli, and Pseudomonas aerugi- 
nosa. 

Downstream of the sterilization cham- 
ber, the water is cooled at reduced pres- 
sure in a steri I izabl e connector section 
that contains a cooling coil situated be- 
tween two pressure regulators. At the be- 
ginning of operation, for the purpose of 
sterilization, the steri lizable connector 
section is surrounded by removable in- 
sulation and maintained at full steriliza- 
tion temperature and pressure using 
pressure regulator 2. For subsequent 


steady-state operation, insulation is re- 
moved from this section, causing the 
temperature to decline to the point 
where pressure regulator 2 can be 
opened to the atmosphere, requiring 
adjustment of pressure regulator 1 to 
maintain full sterilization pressure in the 
sterilization chamber. 

T his work was donebyjames R. Akse, R oger 
1/1/. Dahl, and Richard R. Wheeler, ]r. of 
UMPQUA Research Co. for Glenn Research 
Center. Further information is contained in a 
TSP (seepagel). 

Inquiries concerning rights for thecommer- 
cial useof this invention should beaddressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-18159-1. 


^Discrimination of Spore-Forming Bacilli Using$xjlVA 

Sporulation-specific primers are mixed into a PCR cocktail. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A method of discriminating between 
spore-forming and non-spore-forming 
bacteria is based on a combination of si- 
multaneous sporulation-specific and 
non-sporulati on-specific quantitative 
polymerase chain reactions (Q-PCRs). 
The method was invented partly in re- 
sponse to the observation that for the 
purposes of preventing or reducing bio- 
logical contamination affecting many 
human endeavors, ultimately, only the 
spore-forming portions of bacterial pop- 
ulations are the ones that are problem- 
atic (or, at least, more problematic than 
are the non-spore-forming portions) . 


In some environments, spore-form- 
ing bacteria constitute small fractions 
of the total bacterial populations. The 
use of sporulation-specific primers in 
Q-PCR affords the ability to assess the 
spore-forming fraction of a bacterial 
population present in an environment 
of interest. This assessment can pro- 
vide a more thorough and accurate un- 
derstanding of the bacterial contami- 
nation in the environment, thereby 
making it possible to focus contamina- 
tion-testing, contamination -preven- 
tion, sterilization, and decontamina- 
tion resources more economically and 


efficiently. 

The method includes the use of 
sporulation-specific primers in the form 
of designed, optimized deoxyribonu- 
cleic acid (DNA) oligonucleotides spe- 
cific for the bacterial spolVA gene (see 
table). [In "spolVA," "IV" signifies 
Roman numeral four and the entire 
quoted name refers to gene A for the 
fourth stage of sporulation.] These 
primers are mixed into a PCR cocktail 
with a given sample of bacterial cells. A 
control PCR cocktail into which are 
mixed universal 16S rRNA primers is 
also prepared. [ "16S rRNA" denotesa ri- 


Primer and Probe Sequences for Discriminating and Quantifying Spore-Forming Bacteria 


Primer Name 


Position 

Sequence 

SpolVa382f 

SpolVa752r 


Forward Primer Sequence 
Reverse Primer Sequence 

5'-TGA AGA GCC NATYCC RTT-3' 
5'-ACC ATT ACC CAG CTY GG-3' 

Primer and Probe Sequences for Discriminating and Quantifying B. anthracis Bacteria 

Primer/Probe Name 

Position 

Sequence 

SpolVa358f 

SpolVa508r 

SpolVa385f 


Forward Primer Sequence 
Reverse Primer Sequence 
Fluorescent Probe Sequence 

5'-ACB CCW TGG TAY GAA GAR CC-3' 

5'-TTC TGC CTC TAT ATA ATC TCT TCT TGG-3' 
5'-TTC CAT GAA GCT GCA GAA ATC GG-Fluor-3' 


Note: A = adenosine; C = cytosine; T = tyrosine; G = guanine; N =the use of any of the 4 nucleotides, A, T, G, or C; 

R =the use of either purine nucleotide, A or G; W =the use of A orT; Y =the use of either pyrimidine nucleotide, C orT. 


These Primers can be used, variously, for discriminating spore-forming bacteria in general or Bacillus anthracis in particular. 
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